The differential equations used in the single mitochondrion model are described here.
Superoxide production rate V P,M (mM/s) is represented by In the single mitochondrion model, the shunt term is set as a fixed parameter. In the network model, shunt is determined by a two state Markov process (explained in the two dimensional mitochondrial network model section of the main text) and is either a low (2%) or high (15%) percentage of respiration. Production of superoxide occurs at complexes I and III of the electron transport chain. Complex I shunts all of its superoxide directly into the matrix, and complex III shunts superoxide into both the matrix and intermembrane spaces. Thus in our model, 85% of superoxide production occurs in the matrix space (represented by the constant 0.85 above) and 15% occurs in the intermembrane space.
The  dependence in V P,M reflects the assumption that superoxide production is hampered by a loss of membrane potential. This term is modeled after the behavior of the minimal model of Demin et al (2) , with an added scaling factor to match the degradation rates of our model. The SO M dependence in V P,M represents the concept that superoxide build up in the matrix inhibits further superoxide production. In our model, we assume a maximum of 40% reduction in superoxide production, and model this reduction using a second order Hill's function with a half max value of SO M =0.45 mM. The suppression of superoxide production at high levels of SO M prevents the unlimited buildup of superoxide in the matrix. The amount of inhibition assumed in the model keeps the maximum concentration matrix superoxide at around 1 mM.
Degradation of superoxide occurs through the activity of superoxide dismutase (SOD) and is modeled using Michaelis-Menten kinetics (as in Yang et. al. (1)) in all three spaces. Because the concentration of SOD is much higher in the matrix, the maximal rate of dismutation is greater in the matrix space than in the intermembrane and cytosolic spaces. The degradation flux V SOD,M (mM/s) is defined as:
The parameter k SOD,M is the maximal rate of SOD in the matrix and Km SOD,M is the inverse of the enzyme affinity. In each space, the half max constant is the same; Km SOD,M =0.002 mM. However, because there is an increased activity of SOD in the matrix compared to the other two spaces, the rate k SOD,M is set to 0.08 (mM/s), approximately 13 times higher than the rates k SOD,I and k SOD,C .
Diffusion of protons and superoxide between the matrix and intermembrane spaces occurs only through the opening of IMAC channels and is described by two IMAC dependent terms, V ,IMAC (V/s) and V SO,IMAC . The membrane potential dissipation term is defined as, 
Intermembrane space
The intermembrane space contains one variable, the superoxide concentration SO I (mM), which obeys the equation:
The superoxide production rate, V P,I (mM/s), Diffusion between the intermembrane space and the cytosol is described as:
where k SOI,C =5.0 (1/s) is the diffusion constant between the two spaces and the SO C,j (mM) are the superoxide concentrations in the 4 neighboring cytosolic voxels.
Cytoplasm
The cytoplasm is a continuous space that is discretized into 8 compartments per mitochondrion (see Figure 1D ). The cytoplasm contains one variable, SO C (mM), which is described by the partial differential equation,
where D=1.0 (m 2 /s) is the diffusion constant of cytosolic superoxide and
is the degradation rate with k SOD,C =0.006 (mM/s) and Km SOD,C =0.002 (mM), the same as in the intermembrane space.
For the four cytosolic compartments that border a mitochondrial intermembrane space, we have the boundary condition
Note that the sum of the four boundary conditions equals the term V SO,IC in the ODE for SO I , multiplied by the volume ratio of the intermembrane space to one cytosolic voxel, R IC =1/1.5. On the outer borders of the domain, we use the boundary conditions
where L x and L y are the dimensions of the entire domain.
Markov model of IMAC dynamics
As discussed in the main text (see Fig. 1B ), each IMAC is modeled as a 4 state Markov process and each mitochondrion contains a fixed number of IMACs, N IMAC , on the border between matrix and intermembrane spaces. The open state of the IMAC is the only state in which there is diffusion between the two spaces. Denoting the transition rate from state X to state Y as k X Y , the 8 transition rates (all in units of 1/s) are defined as:
The parameter  in k R C (and k I O ) can be used to calibrate the concentration of SO M that is considered to be "near threshold". The parameter  in k C O (and k R  I ) can be thought of as the "sensitivity" of the IMAC: increasing  will make the IMAC more likely to open for a given value of SO I . Note that these rates are paired in order to satisfy the equilibrium steady state restriction that
Activation of the IMAC channel by matrix and intermembrane superoxide concentrations can be explicitly calculated by solving for the steady state of the system of equations:
along with the restriction that
These are the master equations for the 4 state Markov Model, where p X represents the probability of being in state X. Figure 2A shows the probability of being in state O as a function of SO M and SO I , using parameter values =0.4 and =10,000. These parameter values are also used throughout the results section. In order to compute cluster size distributions, an algorithm first defines all distinct clusters in space and time according to these conditions, then the size of each cluster is computed and the distribution is calculated.
Computation of cluster sizes

